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(57) ABSTRACT

Aspects of the invention provide a method, 1n a semiconduc-
tor device, such as a thin {ilm transistor, a technology capable
ol preventing or reducing the electric field concentration at
the edge section of the semiconductor film to enhance the
reliability. The method of manufacturing a semiconductor
device according to the mvention can include a first step of
forming a semiconductor film discretely on an insulation
substrate, a second step of covering the semiconductor {ilm
including an edge section of the semiconductor film with a
first insulation film, a third step of opening the first insulation
f1lm above the semiconductor film excluding the edge section
of the semiconductor film, a fourth step of forming a second
insulation film thinner than the first insulation film on the
semiconductor film corresponding to at least the opening of
the first insulation film, and a fifth step of forming an elec-
trode wiring film on the second 1nsulation film.

4 Claims, 5 Drawing Sheets
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REDUCED DIELECTRIC
BREAKDOWN/LEAKAGE SEMICONDUCTOR
DEVICE AND A METHOD OF
MANUFACTURING THE SAME,
INTEGRATED CIRCUIT,
ELECTRO-OPTICAL DEVICE, AND
ELECTRIC APPARATUS

BACKGROUND

Aspects of the mvention can relate to an improvement
technology of a field-effect semiconductor device, such as a
MOS ftransistor. Research and development of a technology
of forming a thin film transistor having high current drive
eificiency using a crystalline semiconductor film (e.g., poly-
crystalline silicon film) formed by a low-temperature process
1s 1n progress. In general, polycrystalline silicon films are
formed by crystallizing amorphous silicon films by 1rradiat-
ing with laser thereto. However, the polycrystalline silicon
films thus formed tend to have larger roughness in surfaces
thereol because of protrusions formed of boundaries (grain
boundaries) of crystal grains grown at various portions during,
the crystallization. In a thin film field-effect transistor (1FT)
formed by depositing a gate msulation film and a gate elec-
trode on the upper side of the polycrystalline silicon film,
electric field 1s apt to be concentrated to the protrusions of the
surface of the polycrystalline silicon film to cause dielectric
breakdown of the gate insulation film. In view of such a
problem, Japanese Patent Publication No. 2000-40828, for
example, discloses a technology for preventing the dielectric
breakdown of the gate insulation film 1n the thin film transis-
tor by grinding to planarize the surface of the formed poly-
crystalline silicon film.

Incidentally, 11 the thickness of the gate insulation film 1s
made thinner in order to enhance miniaturization of thin film
transistors, the gate insulation film 1s apt to have a thinner part
in the edge of the semiconductor film. In particular, when the
gate msulation film 1s formed using a film deposition method
having the low step-coverage capability, such as a sputtering,
process or aCVD process, the tendency ol the above becomes
marked. If the gate electrode 1s formed so as to traverse the
edge portion, the electric field concentration occurs at that
portion to cause the dielectric breakdown very often. Thus,
inconvenience ol degrading the reliability of the thin film
transistor can occur. In the related art technology described
above, 1t 1s difficult to achieve relaxation of such electric field
concentration at the edge portion of the semiconductor film,

and therefore, a further improved technology has been
desired.

SUMMARY

Aspects of the invention can enhance reliability of semi-
conductor devices by preventing or reducing the dielectric
breakdown or leakage from occurring at the edge portion of
the semiconductor {ilm 1n the semiconductor devices such as
thin film transistors.

In order for obtaining the above advantage, an exemplary
method of manufacturing a semiconductor device can include
a first step of forming a semiconductor film discretely on an
insulation substrate, a second step of covering the semicon-
ductor film including an edge section of the semiconductor
{1lm with a first insulation film, a third step of opening the first
insulation film above the semiconductor film excluding the
edge section of the semiconductor film, a fourth step of form-
ing a second insulation film thinner than the first mnsulation
film on the semiconductor film corresponding to at least the
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opening of the first insulation film, and a fifth step of forming
an electrode wiring film on the second insulation film. By
manufacturing the semiconductor device with such manufac-
turing processes, portions at which the electric field 1s con-
centrated can be removed from the gate isulation film, thus
enhancement of reliability of the gate isulation film can be
achieved.

Preferably, the first step can further include the steps of
forming the semiconductor film on the insulation substrate,
polycrystallizing the semiconductor film by a heat treatment,
planarizing a surface of the polycrystallized semiconductor
film, and patterning the polycrystalhzed semiconductor film
to form an element forming region. Thus, the polycrystalline
semiconductor film with a flat surface can be obtained to
prevent portions, at which the electric field 1s concentrated, in
the gate insulation film from appearing due to the 1rregularity
of the surface of the semiconductor film.

Preferably, the fourth step described above 1s the step of
forming the second insulation film by thermal oxidation of
the upper surface of the semiconductor film. Thus, the gate
insulation film thin and superior 1n insulation property can be
obtained.

Further, the fourth step described above 1s the step of form-
ing the second 1nsulation film by depositing (film-forming) an
insulation material on the semiconductor film. Thus, the gate
insulation film can be formed on the semiconductor film
without reducing the thickness of the semiconductor film.

Further, the exemplary semiconductor device according to
the mvention can be equipped with a semiconductor film
formed discretely on an 1mnsulation substrate, an area separat-
ing and insulating film formed on the mnsulation substrate so
as to have an opening on the semiconductor film and to
surround the periphery of the semiconductor film including
an edge section thereot, a gate isulation film formed thinner
than the area separating and insulating film on the upper
surface of the semiconductor film corresponding to at least
the opening of the area separating and insulating film, and a
gate electrode formed on the gate insulation film. By adopting
such a configuration, portions at which the electric field 1s
concentrated can be removed from the gate insulation film,
thus the semiconductor device with enhanced reliability of
the gate msulation film can be achieved.

Preferably, the gate insulation film can be formed on the
upper surface of the semiconductor film displaced from the
edge section of the semiconductor film. Thus, the portions
with intense electric field can be prevented or reduced from
appearing in the gate msulation film.

Preferably, the area separating and 1nsulating film can be
formed to have a thickness at least more than twice of that of
the gate mnsulation film. Thus, a suilicient insulation property
can be ensured to the area separating and 1nsulating film.

Further, the integrated circuit, the electro-optic device, or
the electronic apparatus according to the invention 1s
equipped with the semiconductor device having the configu-
ration described above.

According to the invention, since the gate insulation film 1s
formed around the edge section of the semiconductor film, the
breakdown of the gate insulation film caused by the local
clectric field concentration can be prevented or reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

This mvention will be described with reference to the
accompanying drawings, wherein like numerals reference
like elements, and wherein:

FIG. 11s aplanview for explaining a structure of a thin film
transistor of a exemplary embodiment;
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FIG. 2 1s a cross-sectional view of the thin film transistor
shown 1n FIG. 1 along the II-II direction (a channel width
direction) 1n the same drawing;

FIGS. 3 A through 3G are views for explaining a manufac-
turing method of a thin film transistor;

FIGS. 4A through 4G are views for explaining another
manufacturing method of a thin film transistor;

FIG. 5 15 a circuit diagram of a electro-optic device com-
posed of the semiconductor device; and

FIGS. 6 A through 6D are views for explaining illustrative
embodiments of the electronic apparatus.

DETAILED DESCRIPTION OF EMBODIMENTS

Hereinafter, exemplary embodiments of the invention waill
be described.

FIG. 1 1s a plan view for explaining the structure of a thin
film transistor as a semiconductor device of the exemplary
embodiment according to the invention. FIG. 2 1s a cross-
sectional view of the thin film transistor along the II-II line
direction 1n the drawing of the thin film transistor shown 1n
FIG. 1. In both of the drawings, the corresponding sections
are denoted with the same reference numerals. The thin film
transistor 1s used as, for example, a pixel driver element for an
organic EL display device, a liquid crystal display device and
SO On.

As shown 1n FIGS. 1 and 2, the thin film transistor 1 1s a
field-eflect transistor having a laminated structure (MOS
structure) formed by stacking a semiconductor film, an 1nsu-
lation film, and an electrode, and composed of an insulation
substrate having an insulation film 11 formed on a substrate
10, semiconductor films 12 formed discretely, an insulation
f1lm (first insulation film) 13 for separating the semiconductor
films, a gate insulation film (second insulation film) 14, a gate
electrode 18, a source electrode 20, a drain electrode 22, and
an insulation film (protection film) 24.

The substrate 10 1s a substrate made of, for example, glass,
quartz glass, or plastic. The mnsulation film 11 1s a primer
insulation film, such as a silicon oxide film or silicon nitride
film. The 1nsulation film 11 electrically insulates the semi-
conductor films 12 and prevents or reduces impurities from
entering from the substrate 10 into the semiconductor films
12.

The semiconductor film 12 assumes an active region of the
thin film transistor and 1s made of a crystalline semiconductor
film. In the exemplary embodiment, a polycrystalline silicon
film (polysilicon film) can be used as the semiconductor film
12.

The 1nsulation film 13 surrounds the periphery of the dis-
crete semiconductor films 12 formed discretely on the sub-
strate 10, and insulates the semiconductor films 12 from other
semiconductor films not shown to separate the element
regions. Further, the insulation film 13 1s formed so as to
cover an edge section 12q of the semiconductor film 12 to
expose (open) the upper surface of the edge section 12a. The
insulation film 13 1s formed to have substantially the same
thickness as the semiconductor film 13. As the insulation film
13, for example, a silicon oxide (S10,) film, a silicon nitride
(S1;N,,) film, or phosphorus silicate glass (PSG) film can be
preferably used. The msulation film 13 needs to be formed as
a relatively thick film, but 1s not required to have character-
1stics ol an insulation voltage and a fixed charge density as
required to the gate isulation film 14. Therefore, 1t can be
formed with production conditions suitable for high-speed
film deposition.

The gate 1nsulation film 14 1s formed so as to cover the
upper surface of the semiconductor films 12 exposed from the
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opening sections of the insulation film 13. In this embodi-
ment, an 1nsulation film made of silicon oxide 1s formed by
oxidizing the exposed semiconductor film 12 under a plasma
atmosphere to obtain the gate insulation film 14. As the gate
insulation film 16, for example, a silicon mitride (S1;N,,) film
or the like can be formed. The gate insulation film 16 has little
necessity of formed as a thick film, but 1s required to have
superior characteristics of an insulation voltage, a fixed
charge density, and so on. Therefore, 1t 1s formed adopting
production conditions (generally for low-speed film deposi-
tion) capable of obtaining better film characteristics. As
described below, the gate msulation film 14 can be formed
using a deposition process, such as CVD.

The gate nsulation film 14, which 1s separated from the
edge section 12a of the semiconductor film 12, becomes
difficult to be ettected by the local high electric field gener-
ated adjacent to the edge section 12a, thus the dielectric
breakdown can be prevented.

The gate electrode 18 1s formed so as to pass above the
insulation film 13 and the gate insulation film 14, and also
above a predetermined position of the semiconductor film 12.
In further detail, the gate electrode 18 i1s formed so as to
traverse two parallel sides of the semiconductor film 12 as
shown 1n FIG. 1. The gate electrode 18 1s made of an electri-
cally conductive film such as, for example, tantalum, chro-
mium, or aluminum.

Both of the source electrode 20 and the drain electrode 22
respectively pass through the insulation film 24 to be con-
nected to the semiconductor film 12. These source electrodes
20 are composed of electrically conductive films made of, for
example, aluminum.

The insulation film 24 1s formed so as to cover the upper
surface of the gate electrode 18, the insulation film 16, and so
on. The insulation film 24 assumes as a protective film, and a
silicon oxide (S10,,) film, a silicon nitride (S1,N ) film, phos-
phorus silicate glass (PSG) film, or the like 1s preterably used
therefor.

Hereinatter, a manufacturing method of the semiconductor
device described above will be explained with reference to
process charts shown 1n FIGS. 3A through 3G

Firstly, as shown 1n FIG. 3 A, the insulation film 11 made of
silicon oxide (S10, ) 1s formed on the glass substrate 10 by, for
example, a plasma CVD process.

Then, an amorphous silicon film 1s deposited as the semi-
conductor {ilm 12 thereon by a film forming process such as
a PECVD process, a LPCVD process, an atmospheric pres-
sure chemical vapor deposition process (APCVD process), or
a sputtering process. By executing a process of irradiating the
amorphous silicon film with excimer laser or the like (a laser
annealing process), the amorphous silicon film 1s transformed
to a polysilicon film. In this case, on the surface of the poly-
silicon film obtained by the crystallization process by the
laser irradiation, there 1s often provided irregularity 30 caused
by protrusions of the boundaries of respective crystal grains
(grain boundaries).

Therefore, it 1s preferable that the semiconductor film 12 1s
ground to have the irregularity of the surface thereof be pla-
narized. In the present, the processes are executed adopting a
CMP process (chemical mechanical polishing process). As
preferable conditions for polishing by the CMP process, for
example, a pad made of soit polyurethane and abrasive
(slurry) obtained by dispersing silica particles 1n ammonia
based or amine based alkaline solution are used in combina-
tion adopting the conditions of 30000 Pa of pressure, 50 rpm
of rotational speed, and 200 sccm of tlow rate.

Subsequently, as shown in FIG. 3B, the discrete semicon-
ductor film 12 composed of the polysilicon film can be
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formed 1n the predetermined element forming region on the
substrate 10 by executing on the planarized semiconductor
film 12 a pattern forming process (patterning) including a
photoresist deposition process, a pattern exposing process, a
development process, an etching process, and so on.

As shown 1n FIG. 3C, the insulation film 13 for separating
clements can be formed on the insulation film 11 and the
semiconductor film 12. The insulation film 13 can be obtained
by forming, for example, a silicon oxide (S10,,) film, a silicon
nitride (S1;N,) film, or phosphorus silicate glass (PSG) film
by the PECVD process. The imnsulation film 13 1s formed so as
to be thicker enough at the edge section of the semiconductor
film 12 than the gate insulation film 14 in the process
described below. For example, 1t 1s formed to have the film
thickness more than double of the thickness of the gate 1nsu-
lation film 14.

As shown 1n FIG. 3D, a patterning 1s provided on the
insulation film to open the upper surface ol the semiconductor
film 12 except the edge section thereof.

As shown 1n FIG. 3E, a second insulation film 14 1s formed
on the semiconductor {ilm 12 exposed from the opening of the
insulation film 13. The insulation film 14, which 1s used as the
gate mnsulation film, needs to be thin and of high withstand
voltage. The insulation film 14 can be obtained by, for
example, thermal-oxidizing the surface of the polysilicon
film, which 1s the semiconductor film 12, under the plasma
atmosphere including oxygen. Thus, the gate insulation film
14 thinner than the insulation film 13 can be formed on the
semiconductor film 12 corresponding to the opening section.
Since the gate msulation film 14 1s displaced form the edge
section 12a of the semiconductor film 12 and 1s not formed on
the edge section, the problem of decrease of the film thickness
due to the coverage (coverage of the step sections) of the
insulation film 14 does not occur.

As shown 1n FIG. 3F, the gate electrode and a wiring {ilm
18 are formed 1n a predetermined position on the gate insu-
lation film 14 by forming a metal film made of tantalum,
aluminum, or the like on the 1nsulation film 13 and the gate
insulation film 14 and then patterning the metal film.

Subsequently, using the gate electrode 18 as a mask, impu-
rity 1ons to be donors or acceptors are implanted mto the
semiconductor film 12. Thus, the channel forming region 1s
formed under the gate electrode 18, and the source/drain
region 1s formed 1n the other section (1on-implanted section).
A heat treatment 1s further executed to activate the impurity
clements.

As shown 1n FIG. 3G, the insulation film 24 1s formed on
the gate electrode film 18 and the isulation film 13 as a
protective film. As the insulation film 24, for example, a
s1licon oxide film of about 500 nm thick 1s formed using the
PECVD process.

Further, contacting holes 20, 22 passing through the 1nsu-
lation film 24 to reach the source/drain regions are formed.
The contacting holes 20 and 22 are formed by forming a mask
on the insulation film 24 for opening the contacting hole
sections and then executing anisotropic etching on the 1nsu-
lation film 24. Further, by depositing aluminum 1inside the
contacting holes and on the insulation film 24 using a sput-
tering process and then puttering 1t, the source electrode 20,
the drain electrode 22, and the connection wiring are formed.

As described above, 1n the exemplary embodiment of the
invention, since the gate isulation film 1s arranged not to be
formed on the edge section of the semiconductor film or the
step section, the portion where the electric field 1s concen-
trated does not appear in the gate insulation film, thus enhanc-
ing reliability of the gate insulation film. Further, since the
gate insulation film 1s not configured to cover the step section,
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film forming or deposition processes having poor elficiency
{ step coverage can be used for forming the gate insulation
Im.

Another exemplary embodiment of the manufacturing
method of the semiconductor device according to the mven-
tion will now be described with reference to FIGS. 4A
through 4G. In the drawings, corresponding sections to those
shown 1n FIG. 3 are denoted with the same reference numer-
als, and the description therefor will be omitted.

In this exemplary embodiment, the gate insulation film 14
1s Tormed using a deposition process. Also in the embodi-
ment, as shown 1 FIGS. 4A through 4D, the process for
forming the semiconductor film 12 on the substrate 10
through the process for opening the insulation film 13 are
firstly executed. These processes are the same as the pro-
cesses (formation of the semiconductor film through forma-
tion of the second insulation film) shown 1n FIGS. 3 A through
3D described above, and accordingly the descriptions there-
for are omitted.

Subsequently, as shown 1n FIG. 4E, the second 1nsulation
film 14 1s formed on the insulation film 13 and the semicon-
ductor film 12 exposed from the opening of the insulation film
13. The insulation film 14, which 1s used as the gate insulation
film, needs to be thin and of high withstand voltage. The
insulation film 14 forms a gate mnsulation film 14 made of a
silicon oxide film using a deposition process such as a
PECVD process. For example, the silicon oxide film 1s
formed using tetracthoxisilane (TEOS) and oxygen (O,) as
material gases and under conditions of the flow rates of the
gases ol 50 sccm and 5 slm, respectively, the atmospheric
temperature of 350° C., the RF power of 1.3 kW, and the
pressure of 200 Pa. In this case, the film forming rate becomes
30 nm/min, and the excellent silicon oxide film provided with
the suitable withstand voltage characteristic for the gate 1nsu-
lation film can be obtained.

Thus, the gate insulation film 14 thinner than the isulation
film 13 can be formed on the semiconductor film 12 corre-
sponding to the opening section. Since the gate insulation film
14 1s displaced form the edge section 12a of the semiconduc-
tor film 12 and 1s not formed on the edge section, the problem
of decrease of the film thickness due to the coverage (cover-
age of the step sections) of the insulation film 14 does not
OCCUL.

Subsequently, as shown 1n FIGS. 4F and 4G, formation of
the electrode film, formation of the source/drain region, for-
mation of the protective film, and formation of the source/
drain electrode wirings are executed through the same pro-
cesses as shown i FIGS. 3F and 3G described above to
complete the thin film semiconductor.

As described above, in the second embodiment of the
manufacturing method according to the mvention, since the
gate msulation film 1s arranged not to be formed on the edge
section 12a of the semiconductor film, the portion where the
clectric field 1s concentrated does not appear 1n the gate 1nsu-
lation film, thus enhancing reliability of the gate insulation
film. Further, since the gate msulation film 1s not configured
to cover the edge of the semiconductor film, film forming or
deposition processes having poor elliciency of step coverage
can be used for forming the gate insulation film.

Hereinafter, some 1illustrative embodiments of an inte-
grated circuit, an electro-optic device, and an electronic appa-
ratus composed of the semiconductor device described above
are now described.

FIG. 5 1s a circuit diagram of the electro-optic device 100
composed of the semiconductor device. The electro-optic
device (display device) 100 according to the exemplary
embodiment 1s equipped for each of pixel regions with a light
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emitting layer OELD capable of emitting light with an elec-
troluminescence etlect and the holding capacitance for stor-

ing the value of the current for driving the layer, and further
equipped with the semiconductor devices (the thin film tran-
sistors T1 through T4) according to the invention. Scanning
lines Vsel and light emission control lines Vgp are supplied
from the driver 101 to the respective pixel areas. From the
driver 102, there are supplied data lines Idata and power
supply lines Vdd to the respective pixel areas. By controlling
the scanning lines Vsel and the data lines Idata, the current
programming to each of the pixel areas 1s executed, thus the
light emission by the light emission section OELD can be
controlled.

Note that the driving circuit described above 1s one
example of a circuit for using the electroluminescent ele-
ments as the light emitting elements, and other circuit con-
figurations can also be adopted. Further, the integrated circuit
forming each of the drivers 101, 102 1s also preferably formed
using the semiconductor device according to the mvention.

FIGS. 6 A through 6D are views for explaining some 1llus-
trative embodiments of electronic apparatus composed of the
clectro-optic device described above. FIG. 6 A shows an
application example to a cellular phone, 1n which the cellular
phone 530 1s equipped with an antenna section 531, an audio
output section 532, an audio 1mput section 333, an operating
section 334, and the electro-optic device 100 of the invention.
As described above, the electro-optic device according to the
invention can be utilized as a display section.

FIG. 6B shows an application example to a video camera,
in which the video camera 340 1s equipped with a recerver
section 541, an operating section 342, an audio mput section
543, and the electro-optic device 100 of the invention.

FIG. 6C shows an application example to a television, in
which the television 550 1s equipped with the electro-optic
device 100 of the invention. Note that the electro-optic device
according to the invention can also be adopted to the monitors
used for personal computers or the like.

FIG. 6D shows an application example to a roll-up televi-
s10n, 1n which the roll-up television 560 1s equipped with the
clectro-optic device 100 of the mnvention.

Further, the electronic apparatus 1s not limited to these
examples, but various electronic apparatuses having a display
function can apply the mvention. For example, other than the
above, a facsimile machine having a display function, a view-
finder of a digital camera, a portable TV, an electronic note-
pad, an electronic bulletin board, or a display for advertise-
ment are also included. Note that the semiconductor device
according to the invention, 1n addition to the cases 1n which 1t
1s included 1n the electronic apparatuses described above as a
component of the electro-optic device, can be adopted as an
independent component of the electronic apparatuses.

Further, it should be understood that the manufacturing
method of the semiconductor device according to the mven-
tion 1s not limited to the above, but can be applied for manu-
facturing various kinds of electronic apparatuses. For
example, other than the above, 1t can also be applied to a
facsimile machine having a display function, a viewlinder of
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a digital camera, a portable TV, a PDA, an electronic notepad,
an electronic bulletin board, a display for advertisement, an
IC card, or the like.

Note that the 1invention 1s not limited to the embodiment
described above, but can be put mnto practice with various
modifications within the scope or the spirit of the mvention.
For example, although the polysilicon film 1s cited to explain
as an example of the semiconductor film in the embodiments
described above, the semiconductor film 1s not limited
thereto, but other semiconductor materials can be used. Fur-
ther, the semiconductor film (silicon film) or the nsulation
film (silicon oxide film) can be made using a liquid matenal,
such as a solution obtained by dissolving polysilazane 1n an
organic solvent.

Further, although the thin film transistor 1s cited as one
example of field-effect semiconductor element 1n the above
exemplary embodiments, the mvention can also be applied
other than the above 1n the same manner to a semiconductor
device having a structure in which the element separation 1s
realized by etching between respective transistors in monoc-
rystal SOI (silicon on 1nsulator) transistors.

What 1s claimed 1s:

1. A method of manufacturing a semiconductor device,
comprising;

forming a semiconductor film discretely on an insulation

substrate; forming a first insulation film on the semicon-
ductor film, the first insulation film covering a surface
and a side wall of the semiconductor film;

providing an opening of the first insulation film to the

semiconductor {ilm, the opening being smaller than the
semiconductor film and within a surface perimeter of the
semiconductor film;

forming a second insulation film that 1s thinner than the first

insulation film on the semiconductor film corresponding
to the opening of the first insulation film; and

forming an electrode wiring {ilm on the second insulation

f1lm and a part of the first insulation film.

2. The method of manufacturing a semiconductor device
according to claim 1, forming the semiconductor film further
including:

forming the semiconductor film on the insulation substrate;

polycrystallizing the semiconductor film by a heat treat-

ment,

planarizing a surface of the polycrystallized semiconduc-

tor film; and

patterning the polycrystallized semiconductor film to form

an element forming region.

3. The method of manufacturing a semiconductor device
according to claim 1, forming the second insulating film
turther including;

forming the second 1nsulation film by thermal oxidation of

the semiconductor film.

4. The method of manufacturing a semiconductor device
according to claam 1, forming the second isulating film
turther including:

forming the second 1nsulation film by depositing an 1nsu-

lation material on the semiconductor film.

G o e = x
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